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NOVEL HARD METAL COMPOSITIONS AND PROPERTIES

Haskell Sheinberg
Lcs Alamos hational Laboratory, F.0O. Box 1663, MS G770, Los klamos, N E&7545

RESTRACY

A nex family of hard metal compositions consisting primarily of horides,
borocarbides and carbides of rickel, iron and tungsten or melybdenum is made
by reaction hot pressing and/or 1iquid phase sintering mixtures of elemental
powaers with small quantities of boron carbide. The hardness of these
compositions 1is in the range of the hardest convertional tungsten
carbide-cobalt compositions. qusity of this family of materisls can be
veried from about 8 to 17 Mg/m~ with only slight variations in hardness,
Preliminary data or. hct hardness, hardness, -fracture toughness, and abrasion
resistance are enccuraginc.

INTRODUCT10i.

Tungsten carbide-cobelt ic the conventional material used worldwide for
tcol bits, rock arill bits. armer piercing projectiles enc cther applicetions
where higk hercress end abrasion resistance ere imporiart. Hard meta)
compotitions whicr cortéin rr ccbeit ere increesinaly irpeortert beceuse of
Uritec Stetes dercngerce or Lrstehie scurces ¢f surpiy of tris strategic
reteriel. tecaute the .titec States elso imporis & ev9e pertier of the
tunceter it corsumer. tubstitites for stritegsic turcster aito ive of
consigerable interest. with & metel-beron cerbor syiter !M-F-(, rareness ir
the renoe c¢f the haroest conventional tungsten carbioe-ccbelt hec been
achieved and superiority over the convertioral material for ultra high
pressure anvil applice*ions has been demonsirated.? The weli known
tuncsten-nickel-iron "neevy metil" was principelly used ot the metal and
beren carbice was the souvce of horor and carbon.  Acditionally it was
deenstrated that nor-stivoteeic melsbderum cou'ld be substituted in part or
teteily fou the tungtier iv the M-F-C systen. witl -. no charge in hardness, or
(in the Timited rumber of simples testod) ¢n abrasion resistance or
cerpressive strengt'.
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Fig. | "Heavy Metal" And "Heavy Metal" — Boron Carbide



3

of borides, carbides and borocarbides, but the paper concluded that further
definition of the nature and extent of reactions involved was reéuired.

In rore recert work, the compositionsl end density range of this
nonconventioncl hard metal system has been dramatically extended. Tungsten
content was reduced from the previous minimum of 90 wt% (balance nickel and
fron) to 70 wt:; in the molybdenum series of alloys, the molybdenum was
cimilarly reduced with appropriate increases in boron carbide concentretion.
in an effort to reduce the complexity of this material system and gain an
understanding of reactions involved, iron wis eliminated from seversl
oressings and separately, boron was substituted for boron carbide. Both hot
pressing and cold pressing/sinter‘ng were employed in this study.

RAW MATERIALS

The powders used in this study were obtained from commercial sources.
Powaer characteristics are compiled in Table i; chemical analysis and size
distribution of powders are included in the previously cited publication.
Average particle size wes determined with a calibrated Fisher Sub-Sieve
szer.b Values cf mear and mode particle size were celculated from
sedirentation datt obtainea with a Model 5C00-D) Sed1granhc er with @
sedimentatior balance. Surface srea was determined with a humec Fodel APA-3

gheerption flow arneratusd that uses a modified Brunaver-Ermett-Teller

LT techrigue.

The rolvbuerur. powder was freshly reouceo ir. hyorcoer et 650°C and
tcreened -325 pricr to use. The nrevious work indicated the necessit: for
rercving the buric oxide impurizy in the beron carbide powder. The powder
wz¢ boiled in » ster for 3h with stirring, alcohcl washed, vacuum dried anc
screened prior to blending with elemental powders.

Airco-Speer Carbor Co. grade 560.8 grapnitee wat useC to make the hot
pre:einy die and punch assenbiies.
vt
binany (hiracteristice

tecaer  Ruld Censity Tep Density Surface Aren Average Sedimentetion

et theorcticil _ theoretical _ rf:g Perticle Ferticle Size
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PROCEDURES AND EQUIPMENT
Blending

.Nickel and iron powders were preblended for 4h in bottles equipped with
2luminum agitator wires; this mixture was similarly blended with the tungsten
or reduced molybdenum powder for an additional 4h prior to & fina! é4h
blending with boron or boron carbi.e powder. |

Hot-Pressing
A weighed cherge of the blended constituents was leveled in the cavity

of a 76.2-mm-0.d. by 31.8-mm-i.d. by 101.6C-mm-long graphite die, and the
upper punch was inserted into the die. Thermal insulation was a single layer
of 6.5-mm-thick carbon felt, cut and sewn to enclose the die completely.
After the charge was cold-pressed at 10.3 MPa, the assembly length was
measured and the necessary ram movement for complete der-ification was
determined. The insulated die was centered .accurateLy ir. & 101.6-mm=-1.d. by
152.4-mm-1ong current-concentrator induction coil coupled to a 10,000-Hz,
50-kW motor generator. The hot-press arrargement 1is shown in Fig. 2. A
typical time-tempersture-pressure cycle for pressing & 31.8-mm-diam by
25.4-mm-long cylinder is shown in Fig. 3; hot-pressing was performed in an
argon atmosphere.
Cold-Pressinc 8nd Sintering

Powder blends were lozded 1into polyvinyl alcohc! pressing sacks, 1ids
were inserted and sealed tc the sackr whick were ther evacuated. The
evacubsed sacks were isostaticelly pressec at ii8 Kie anc the rressings were
sintered ir. hLyarccer at terperatures rancirc frem 145C¢ ¢ 1470°C ir &
swoceser weefrigroe furrpce or rop eflicom cerbide heztied ilumiru~ oxide
tube furnace. Time at temperature ranged from 0.25 to 1.0h.
Density measurement

Thecreticel density in this M-B-C system was czlculatec using the rule
of simple mixtures; formation of compounds w'11 increase true thecretical
density. Densities of hot-pressed cylinders were determired by mensuration
with frecuent cerrelation with f{rmersior techrigues. Densitiet of e&il
celd-rressed, sintered cyvlinders were determirec by ir-wersion,
Kerdnes ¢

Velues of herdnees were meesured ir eccerdance with Americar Scciety of
Testing Yaterdals (ASTH) Test ho. E2U4-7€ using & Roetkwell Hardness Tester,
Fiogh -\'F..f Hardress wes roisured at five poritiors located radially anc
s antie ity cqundistant froe the center to ite circa~fererce. [nes of the
het prostec tyiinders were ercurd 1lat anc parillel rrior to measurement of
bovarere s oert4dnne) G058 or= of stocl wer greurc from enc end rrior to
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Fig. 2 Schematic Of Hot Pressing Arrangement
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Fracture Toughness

Values of fracture toughness, KICSR' were determined with a
Fractometer 1 system by using a 13-mm-diam by 19-mm-long slotted specimen as
describec by Barkerd. 1In addition fracture toughness was measured on some
speciners by indentation hardness in & manner described by Anstis, et. a1.h
Abrasicn Resistance

abresion resistance was determined by Hughes Tool Co. Hughes MPD,
Houston, TX in accordance to ASTM B-611-76 Standard. Abrasion resistance was
measured on samples as hot-pressed and after a post hot-press HIP treatment
at 130C°C, 103 MPa for 2h.

Hot Micro-hardness .

Hot hardness of six specimens was determined by the Philip McKenna
Laboratories of Kennamental Inc. using a Nikon Hot Micro Hardness Instrument.
Testing parameters were as follows: eight Vickers indentations were made at
each tes: temperature from room temperature to 800°C with a 1000 gram load
and i0 second dwell time. The mean hardness value and standard deviation
were reccrded for each test temperature.

Electro~ Microprobe

The electron microprobe uses 2 finely focused electron beam (0.2 wm
digr: with a 1 tc 5C KeV enercy to excite ~ 1 cubic micrometer of the
specine~. Signels emitted frem the specimen include secondary, back
scetecrec ancd abscrbec electrons and characteristic x-rays. Electron signels
prcvide irfermetion or &verage atomic number differences and chemical
compesitior on @ microscele is obtained from the x-réy cignals. Energy
dispert“ve and wave length spectrometers weve erplcved to chemicelly

chevegstzvire metellocrenkiceiiy roliched specimers,

EXPERIMZNTEL RESULTS AND DISCUSSIOR
Extercior of Composition Range

Ir. ¢~der to extend the compcsitional range end density of this family cf
rard ~czerials, the tungsten content was reduced from the previous minimum of
0 w+ (oelance nickel and iror; te 70 w*:. In the molybdenum seriez of
ailcye. +he molybdenum was reduced from the previous minimum of 60.3 wt
(balerce =ickel and iron) to 7¢.0 wt.. Boron carbide concentration ir. the
new seles of tunaster aileys wes increasec to a maximum of 5.0 wt: and ir

the ev feries of dolvbdenun &itcve 1o 9.1 wt'. In two pressings, the ircon

wes €11 Crited in oan efinvi te cinplify this coiplex meterial system,  Ten
Flonermecdenn by lerr et exlirders were hot pressed at 1460°C and D1 MFa;
devedity of @1l cviinders wer - 100 cof theorctical bascd or the rulr of

g e i v o B dod ceretiauent powders, trde of U Vet g



cylinders were ground flat and parallel and an additional 0.5-mm stock was
removed from one end prior to hardness testing. Hardness and composition are
shown in Table II. For comparison, maximum hardness of the 90 and 95%
tungsten compositions were 90.0 and 93.4 RA respectively and 90.9 RA for
the 90.9 wt’ molybdenum.

The same new extended range of alloy compositions was fabricated by
conventional isostatic pressing and sintering in hydrogen in the 1460-1470°C
range. These specimens were sintered with a 250°C/h heating rate in an
attempt to reduce solid state reactions. Composition of specimens which
exceeded 100% of theoretical density were 7.45 B4C-92.55 [80.48 Mo-13.66
Ni-5.86 Fe] and 3.5 B4C-96.5 [85.0 W-15.0 Ni]; hardness of the latter was
88.6 R,.

A
Hot Micro Hardness

Metallography on early hut pressed specimens indicated somewhat larger
grains of borides (or carbides/borocarbides)_than in most grades of tungsten
carbide-cobalt. Parameters which probably markedly affect final grain size
are size of starting powders and rate of rise of temperature (both of which
affect solid state reactions), and time at maximum temperature during which
liquid phase sintering and activated reaction and sintering occur. Size of
the tungst~n and nickel was variec in two blends designated A and B in which
the finer size powders were used in blend B. Time at maximum temperature and
pressure was reduced from the original 30 min. to 15 or O minutes. Rate of
rise cof temperature was maintained essentially constant. The hot
micrcherdness of six hot pressed specimens was deterrined by the Fhilip
McKerne Laboratory of Kennametal, Inc., Resuiis of these measurements are
cshowr <n Fie, £, Twe cf the values et 800°C :zre 10-Z0° hicher than
conventional tungsten carbide-cobalt at the same temperature, according to
Kennametal. Composition and average hardness at 800°C of specimens are
presentec in Table IlI. However, standard deviation of hardness values as
showrn ir Teéble 1V was considerably higher <than conventional materials
primerily beceuse of porosity as revealed bv post test metallocraohic
exarinegtion of cylinders from which the specirers were riechined. Arcther
facter which might have contributec tc high standard deviation ir hot
hardress velues it the microcompositionel viriebility which was cbsorved
metallographically ard determined by electron microprobe on similar
specimens. The measured specimens will be HIFFED &t 1455‘C and rereacsured.
The ‘irited deta suggests increased hot harcte:s: with the shertest time at
termpereture with finer powder, anc with higher beven cerbide conternt. The
rarkedTy Yower standard deviatior for the rolvltdenur base compositione *s not

ungerve T,
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Table I1 .
Composition and Hardness of Extended Composition Range of Materials ;

Run . Composition, Wt% Av. Hardness, R !
No. Stock Removal End .6ppesite End
rh=1 3.50 B4C -96.50 [85.0 W-10.5 Ni-4.5 Fe] 89.2 89.8
PA-7 4,00 B4C -96.00 [80.0 K-14.0 N1-6.0 Fe 89.2 £9.5
PR-3 6.54 B4C ~93.46 [87.1 Mo-9.02 Ni-3.87 Fe] 91.C 90.8
PR=4 7.45 B4C -92.55 [80.5 Mo-13.6 Ni Ni-5.9 Fe] 89.4 89.9
PA-5 4.50 B4C -95.50 [75.00 W-17.5 Ni-7.50 Fe} 87.3 27.0
PA-6 5.00 B4C -95.00 [70.00 W-21.0 Ni-9.00 Fe 89.4 €0.2
PA-7 8.20 B4C -91.80 [77.00 Mo-16.10 Ni-6.90 re] 91.C 89.1
PA-8 9.10 B4C -90.90 [72.00 Mo-19.60 Ni-8.40 Fe] 88.6 89.1
PA-S 3.50 B4C -96.50 [85.00 W-15.00 Ni] 89.7 87.0
PA-10 6.54 B4C -93.46 [87.11 Mo-12.89 Nil 86.9 90.9
Table III
Hot Hardness Specimen Composition
Time at Hardness
Run Composition Temperature at 809°C
N0 wth Blend* min Kg/mm
9 2.50 B4C-97.50 95 W-3.5N1-1.5 Fe] B 0 1333
0 2.%5 B4C-97.75 95 W-3.5Ni-1.5 Fe] A 0 1123
& 2.25 84C-97.75 95 W-3.5N1-1.5 Fe] B 15 1C61
18 2.50 645-97.50 95 W-3.5 Ni-1.5 Fe] B 15 1232
2C  B.G3 E4C-94.97 t90.9 Mo-6.4 hi-2.7 Fe} - 15 1674
zl  5.03 B4C-94.97 [90.9 Mo-6.4 Ki-2.7 Fe] - c 1i52
*Eiend F: wedium size elemental powders
£iend B: fine size elemental powders
Table IV
Vickers Hardness (Kg/mm“) and Standard Deviations
Temperature Specimen =
~(*C) R-9 R-10 R-14 R-15 R-2C R-21
k725 1840-103 1£23-142 1470:161 15882191 1533=84  154€-=49
200 1839-98 1661-264  1346:=122 159C-186 1457:=61 1520=70
400 15252163 1546-162 1232-=127 1413:106 1331=15% 1433:46
6GC 1437-18¢ 13152157 109i=129 1343:142  1177=93  .3Z1:1¢&

8oc 1333-100 11232146  10€1:13: 1232-148  1074z19 11£2-24



Fracture Toughness

Short rod fracture toughness dats is reported in Table V. Apparently
because of the combination of high hardness and abrasion resistance (and
probable micro variability in grain composition) difficulties are encountered
in slotting the short rod specimenc to the specified tolerance for testing
with the Fractometer II instrument. Some specimens required up to 3h for the
chevron slotting. Reed Rock Bit Company (Houston, TX), a major manufacturer
of conventional tungsten carbide-cobalt, slots that conventional materiai in
~ 10 minutes and without difficulty in meeting specimen tclerance. They
found that it required up to 1.5 h to slot some of our compositions, and it
was difficult to maintain tolerances.

Fracture toughness determination by dindentatiorn hardness does not
require the expensive grinding to form the 13-mm-diam by 19-mm-long cylinder
with flat and parallel ends or the expensive precision slotting operation for
testing with the Fractometer, but it does require manv accurate measurements
and a8 known value of modulus of elasticity for calculation of fracture
toughness. For values of fracture toughness obtained by this technique, an
average of modulus for tungsten carbide-cobalt materiels (400 GPa) was
assumed. Values of toughness for four pressings as determined by the
indentetion technique are also recorded i1 the Table V. Although the values
obtained by the two methods do not closely agree and the number of specimens
tested ic small, they do show the same general -trend of improved toughness
with use of finer elementizl powders and with decreesed boron carbide
concentretion.




Taple ¥
Fracture Toughness Data

K
Run - C sition X * 1C -
No. %t— _ICSR Indentation
MPa m FPa m

RA 1.52 B4C -98.48 [95W-3.5N1-1.5 Fe 12.2

R83 2.25 B,C- -97.75 {95W-3.5N1-1.5 Fe 8.2 10.5
Rl2 2.258 46-9? 74 {95KW-3.5N1-1.5 Fe 4.0

R13 2.2¢ B4C -97.75 {95W-3.5N1-1.5 Fe 8.c

R?73 .50 B4C -97.50 [95W-3.5N{-1.5 Fe 8.1 9.8
k16 £.50 B4C -97.50 [ 95W-3.5Ni-1.5 Fe 8.7

R47 Zz.66 B 4C -97.33 [95W-3.5N1-1.5 Fe 5.8

R4S Z.83 4C-97 13 [95W-3.5N1-1.5 Fe ¢.B

PA-2 4.00 B4C-99 0 Esﬂ W-14N1-6.0 Fe} 15.8

Ph-5 4,50 B‘C-SB S {75M-17.5 Ni-7.5 Fe] 17.1

Reg 5.03 B4c-94 97 190.9 ¥o-6.4 %i-2.7 Fe} 7.9

R77 5.03 B‘C-94 97 [99.9 Mo-6.4 K{-2.7 Fel 7.3 5.8
Ri€ 5.8¢ B4C-94 08 {80.8 Mo-6.4 N{-2.7 Fel 4.5 5.7
PA-4 7.45 B C-92.65 [80.5 Mo-13.6N1-5.9 Fe] 9.75

PA-7 B.20 B €-91.8 {77.0 M0-16.0 X{-6.9 Fe] 7.5

X xC-12 eo calibration specimen 13.¢

RB WC-4.5 Co hot pressed, unannealed 7.8

RE B¢C hot p-essed unannealed 3.4

*{3Tyes are the average of three or four messurements

Repciicn turing Sintering

In prelminary experiments with cold pressing and sintering of the
artginal biends ustng 50 and 85 witli tungsten, the specimens were heated at
100 ¢ i5C°C/h and did not densify to greater than 92. of theoretical. It
wat pretuiated that subestential reactions occurred ir the sclid state which
iehitited sinter{ng at tne Tfqutd stete sintering terperat.-e. This suggests
Increeses neating retes to the VYiouid state terverature.

L ser ¢f five biend: of -fine and.medium ri2e powder: wire preperec it
studv reactfons and rvates af reaction during sintering. Al powders were
screevec for this series of mixtures which had the same ronindl composition
ef 7.5 T4f, 0W-3.5K1-1,5Fel) -¢,5 B,C or B. The cewder lcte 2nd screen size
tre thewn u Teble V1.

Tehle V.

Foewder §ierds and Screcr Lisc

*lend ¥ w (fine, X medium ¥ firn L meoiun
hesta (=40C) h-.t? (- 3(') w=200 (-40ﬁ2 a0 et R=A0T (RE0E)
f.‘u-.. \-!_l(l():' et { .;L' !-i-:ﬂ (-f('( :-1'3\ \-=(' 'H-:l ("‘LO)
Vew LRR00) Teese (G500Y te=d€ (=E0C, Feadt {-" Fe=ty (=L0NY
: (k)
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Boron was used in blends W and X in an effort to reduce the complexity of
this material system. Powder blends were loaded in polyvinyl pressing sacks
which were evacusted and isostatically pressed ¢. 345 MPa. Portions of each
pressinc were separately heated at & rzte of 250°C/h to temperatures of 800°,
1100, 1400, and 146C°C ir hydrogen and will be examined metallographically
and by x-rey diffraction. A 7-mm-diam by 38-mm-long specimen of each blend
was isostatically pressed and machined for dilatometry studies. Correlation
of the results from dilatometry, x-rey diffraction, metaliography eand
electror. microprobe (which wili be appended) are expected to elucidate nature
and extent cf reactions as & functior of particle size of reactants,
temperazure, ard time at temperati.e.

Hot Isostatic Pressing (HIP)

Sampies of the three corpositiont 1isted below were HIPPED by Argonne
National Laboratory for l1h at 207 MPa and alternately at 1370°C and at 1400°C
and re-exarined metallcaraphically.

RS 2.5C B4C -97.50 {95.0 w-3.5 h1-1.5 Fe]

kle .28 B4C -92.75 [95.C k-3.5 Ni-1.4 Fe)

Re: £.0: E4C -94,77 [90.9 Fo-6.4 Ki-2.7 Fel
There wes rc significert chance ir microstructure; other samglies cut from the
same nct precsed cvlirders were recently HIPPEL at 14RE°C and reexamined
metellozrerhics 1y, HIFFIhG at the 1458‘(C temperature reduced perosiiy and
this procecure will bt emplovec &S & post het pressina or celd press/sinter
deredfizes oy opereticr.,  Mery cormercidd creédes of comveriionsl tungsten

cartice=crii it are FIivril ifter eintering.

""Electror Micrarrobe Dvamiraticr

The structure of the het cressed cemposition, 6.5 B,0 - 93.46 [€7.11
Me=2l,8% W40 chowt dr fig, © wat Oxemined bty electron ricroprobe; its
electner oo tzZetier ftane i shiw ir fig, 6. Sceencary electron imege and
Wt carert vy distritutiont for rol bdenum, nickel, bcvecr and civher are
showe 1+ 4, T, beoacgitior, roine enurt scers for the cierents were nade

etore gitorer s ehe evidre A0 e Qlegteen heer o tter drace. Although the

twe ettt regre gngde te rotettviy urddomr diseritutions of each
clemert e eractule w4 eeme v iche ama harer pety arcas, wide
(.(!.::,J-J.. B L IR A I B B Ajddiage s 1oy |,|'|i,'(-! e shown !'.\' the
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The structure of the hot pressed composition, 4.5 B,C-95.5 [75.0
W-17.5 Ni-7.5 Fe] was similarly examined; Structure and electron back scatter
image are shown in fig. 8. Carbon and boron appear relatively uniform
throughout in the twc dimensional scan and there are tungsten rich and
rickelsiror. rich areas skown in Fig. & anc .C. Acgiéin wide compesitional
varietions exist for different type grains as cetermined by point count scans
slong grains in the electron back scatter image; point count scans recorded
in Table V11! indicate relatively uniform element concentrations for similar
phase grains.



- = Fig. & Structure of 6.54 B4C - 9346 {87.11 Mo-12.89 Nf] 250X
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Table VII
Point Count Scan on 6.4=54 B,C - 93.46 [87.11 Mo-12.89N1]

Intensity Wt.%
Ratio

No. S o Mo N1 Phase Description Area
1 .046 .004 71.1 21.5 Dark Grey !
2 .048 .002 71.5 21.4 Dark Grey A
3 .038 .004 71.0 21.1 Dark Grey
4 .040 ND 1.0 21.0 Dark Grey
5 .047 .004 71.4 20.6 Dark Grey } B
6 .033 .002 70.6 20.9 Dark Grey ]
17 .056 .007 70.8 21.0 Dark Grey F
18 .063 ND 70.6 20.8 Dark Grey }
23 .043 .004 70.5 20.9 Dark Grey H
24 .052 .006 70.1 21.0 Dark Grey :)>
7 ND .015 80.2 16.6 Med. Light Grey

ND .015 78.7 16.9 Med. Light Grey o
9 KD .014 80.0 16.8 Med. Light Grey
10 ND .015 79.6 16.8 Med. Light Grey
11 ND .017 76.4 17.2 Med. Light Grey ¥
1g ND .014 79.1 16.9 Med. Light Grey
13 071 .01C 96.2 1.6 Light Light
14 097 .00E g4.1 2.0 Med. Light Grey
15 .096 .C1C 9.0 1.8 Med. Licht Grey E
16 .087  .bo7” Tea.? 1.6 Med. Light Grey J
19 ND .030 93.3 1.3 Light Grey
20 H .00€ 9.9 2.3 Light Grey
¢l .08] 011 93.5 1.8 Light Grey
‘e 062 .009 84,0 8.2 Light Grey G
ot kO .02¢ €3.6 1.2 .ight Grey
ol hG: C2E 92.¢ 1.9 Light Grey
i .06k (14 93.¢ z.1 Light Grey
. 068 .00€ 73. 8 16.¢ Fed. Dark Grey
¢t N uQY 75.& i5.¢ Fed. Dark Grey
30 Lil 017 79.1 16.& Med. Lark Grey

L.L,* .010|.L, = ,0020 L,L. = .07 L.L. = .06
<10 C1(r 1 .
*vvwer Vit oY defectior,



Table VII1
Point Count Scan of 4.5 B,C-95.5 [75M-17.581-7.5 Fe]

Intensity Mt.%

Point Ratid

No. B c Fe NI W Phase ldentification
1 N .021 3.94 7.39 86.7 Light Grey

2 N 024 4,06 7.12 85.4 Light Gray » A
3 KD .021 3.19 7.02 87.1 Light Gray

4 ND 080 . 0.12 0.38 91.5 Light Gray (Hi W)
7 ND .020 3.79 7.94 85.4 .

8 .006 .021 3.62 7.92 86.6 . } B
9 KD .018 3.2 7.31 88.0 .

14 ND .028 3.45 7.16 85.3 .

15 ) .028 3.51 6.93  B85.6 . } c
1€ KD .028 3.40 6.92 85.9 "

17 KD .028 3.48 7.06 - 86.9 "

18 .005 .033 3.66 7.05 86.2 "

19 RD .024 3.37 6.90 86.4 . D
20 " .027 3.17 7.18 87.0 .

30 ND .046 1.24 1.94 90.€ Light Grey - Edge
32 .00¢ .030 4,26 9.00 .1 .

3: nL 3 3.73 £.20 85,5 "

3% NE .030 3.86 6.1% B84.2 "
a, . 020 06 | 326 9,0 _ ElL4 _  Ked. Grey

1 .024 .015 3.15 8.97 82.C " E
H .010 .016 3.04 9.18 61.9 .

13 .007 .014 3.31 9.22 B1.4 .

21 013 017 3.21 9,02 80.9 - N

- .C1€ .022 3.16 9.41 80,6 .

L3 €1z .617 3.14 9.05 B1.4 " L F
zs N .022 3.26 9.1% 60,6 .

2e C1E .017 3.2 §5.15 0.6 .

2r C1F N H 5.22 9,22 £1.9 .

= e S 25.( 8.4 5.2 Dark Grey

i ' 3t 21.C i E 2G.( . } 6
2= " 12 25, T 12,0 .

3 : 03¢ £6.f rr.e Y.: .

i " L HI; £7.5 S .



42 ND .015 24.0 51.1 20.2 .

43 ND .013 25.0 53.8 15.5 "

5 ND .023 3.49 7.47 85.8 Light 6rey H
6 .017 .016 3.16 9.16 81.0 Med. Grey

27 .014 .016 3.30 9.24 81.8 "

28 .008 .019 3.06 9.55 81.7 " I
29 1D .018 3.35 9.25 - 81.7 n

31 ND .016

Abrasion Resistance

Abresive wear resistance was determined 1in accordance to the ASTM
standard in waich abrasion resistance, A, 1s defined as the specimen's loss
in volume per revolution of the stee! wheel carrying the aluminum oxide
sbrasive; the wear number, W, is the reciprocal of the specimen's total
volume loss 1n cm3. The wear number, ‘W, for the specimens 1in the
as-pressed and after the 2h HIP treatment at 1300°C is recorded in Table IX,
The limited date suggests an adverse effect of the HIP treatment on wear
resistance, not unlike the effect with HIP of conventional tungsten carbide-
cobalt which frequently causes crain coarsening and low wear number. The
higher vslues of the wear numbers are 1in the range of numbers for wear
resistance crades of conventicnal material.

Teble *.

Abrasicr Test Wear humber, W ]
kun Composition Blend Bland*  Wear Kurber, W, (cn’)™*
G e T e : - “:ps preégsed Aftar HIP

2.3 5,C-87.5 [95K-3.5Ki-1.5Fe] A 38.9 30.3
7 2.5 8,0-97.5 [95K-3.5N1-1.5Fe] B —_— 24,7
14 2.0 5,C-98.0 [55W-3.5N1-1.5Fe] h 2C.° 16.5
15 2.05,0-98.0 [95W-3,5N1-1,5Fe] b 25.3 22.9

*BElend - redium s12e powder
Blerc ¢ fine size bowacr
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Conclusions

~1th this cobalt-free, non-conventional family of hard matéria1s. still
in its embryonic stage of development, hardness in the range of the hardest
converitional tungsten carhide-cobalt material hes been achieved and
superiority over the conventional material for ultra high pressure anvil
application has been gemonstrated.

“he compositional range of this Metal-Boron-Carbon system has been
dramatically extended both in the tungsten and molybdenum series to permit
tailoring the density from 7.8 to 17.1 Mg/m3 while meintaining éssent1a11y
the same high hardness. Fracture toughness of the earlier compositions of 90
to 9% wt’ tungsten or 91% molybdenum were in the 7 to 10 HPa\ﬁ; range, but
fracture toughness of ~16 and 17 MPa \JEF were obtained with materials
containing only 80 and 75% tungsten successively, indicating achievement of
the recessary high toughness for tool and rock bit applications and a fertile
fi{elc of study of toughmness as 8 functior of tungsten c-ntent (and probably
molvbdenur).

“igh hot microhardness is another important property for machine tool
bit enc rack drilling bit applications, and the achievement of 10-20% higher
veiLes of hardness at .00°C than that atteinable with conventional tungsten
cerhide-cebalt materials is »also extremely encourscing for these
&r) " tetiens,

flectron mwicrorrobe exarination confirmed relatively uriferr
cirzrituiion of elements 1n the hot pressed specimens. and microcumpositional
variesicr. in grains which suggests use of finer powders. Results of x-ray
diffrection, metallographic examination and electron microprobe analysis of
speci ers (of the five powder blends of medium and fine powders) sintered at
varvinc temperatures are expected to elucidate effect of powder size on
mic-icorconitional variation.

‘v, ~rvpss has heen mede in tchieving relatively high density in specimens
rar: 5, the economically favered colc press/sinier process, but hit isostatic
yrer . 1o ' these rieterisls prior to testing probably will prove necessexy.

1 ‘¢ belicved that the principal contribution to hardness 1s primerily

oo torretion of  tungstern or molybdenurn borides, borocarhides and
tgt censiaerddde ofYert it necessary to defire the reture end

Coter s 0 reetior s dnvolveas ptirizine the compositien, vaw noterial
prosevefer and fabricetion pevearetors to achieve micresiructure uiforeity,
st Arodite ovron anpresed cembingtion of  teuehroro o cet ey v
R I A A S (RS T TR R A L L A A L

I AU S LI S R SO R PR RS R
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